When rabbit peritoneal exudate cells were incubated for 24 and 48 h with phytohemagglutinin-activated lymphocytes or their culture supernatants, two times as many cells remained adherent to culture slides as in the controls. More spreading cells were found among the adherent cells in the stimulatea cultures. Eighty percent of spreading cells that were induced by supernatants were negative or faintly positive for f-galactosidase. On the other hand, half of the spreading cells induced by activated lymphocytes were positive (1+ to 4+) for 38-galactosidase. Enhanced reduction of nitroblue tetrazolium was found in the spreading cells that were stimulated by either phytohemagglutinin-activated lymphocytes and their supernatants. Under similar conditions, unstimulated peritoneal cells showed less marked activation. These findings show that macrophages can appear morphologically activated and yet not be enzymatically activated by lymphokines. Possible mechanisms of direct interaction of activated lymphocytes and macrophages are discussed.
Macrophages, entering from the bloodstream into dermal BCG lesions or tuberculin reactions of tuberculin-positive rabbits, develop increased /3-galactosidase activity. Immunological activation of macrophages, as monitored by their /3-galactosidase activity in vivo, was clearly associated with the presence of delayed hypersensitivity (1, 2, 9) .
It is thought that macrophage activation is induced mainly by lymphokines, released by antigen-stimulated lymphocytes. In fact, there are many reports that lymphokines affect macrophages and cause their morphological and functional alterations (18, 20, 26 Culture media. RPMI 1640 medium (GIBCO, Grand Island, N.Y.) supplemented with 1% L-glutamine (200 mM) and 10% fetal calf serum, heat-inactivated for 30 min at 56 C, was used for all experiments. Penicillin (100 U/ml) and streptomycin (100 ,ug/ml) were added.
Harvest of macrophages. Animals were exsanguinated by severing the carotid artery with a sharp blade. Peritoneal cells (PC) were harvested from normal rabbits with 200 ml of heparinized (5 18 h at 37 C in 5% CO2 and 95% humified air, the culture tubes were centrifuged at 200 x g for 5 min. Supernatants were discarded, and the sediments were washed three times with culture medium to remove the free PHA-P. After another incubation for 24 h, the culture tubes were centrifuged at 200 x g for 10 min. The supernatants were used as a source of lymphokines after centrifugation at 1,500 x g for 30 min. The sediments were washed twice, and used as a source of activated lymphocytes. The cells in this stage were 90% viable by trypan blue exclusion. An aliquot of the lymphocyte preparation was cultured for an additional 54 h, during which time 60% of the cells became blastoid.
Measurement of cellular adherence. Two methods were used to count the number of adherent cells at 24 and 48 h after incubation. One was to count with a hemacytometer the macrophages released by shaking the culture slides. The other was to count the number of macrophages remaining adherent around the center of the culture slide in 60 microscope fields at 1,000x magnification (143 mm2). The population of adherent cells was confirmed to consist mostly of macrophages, as judged by phagocytic capacity of polystyrene latex particles.
Morphological classification. Macrophages were classified by morphological criteria as rounded cells, spindle cells, and spreading cells. Cells in the first two classifications were considered to be nonactivated macrophages, and cells in the last classification were considered to be activated macrophages.
Staining of f3-galactosidase. The culture slides were fixed for 4 min in cold, buffered 1.25% glutaraldehyde, rinsed in saline, and incubated 18 h in Pearson indolyl substrate for 8-galactosidase
Chemical Division of Travenol Laboratories, Inc., Los Angeles, Calif.) as previously reported (28) .
NBT reduction by macrophages. One milliliter of nitro blue tetrazolium (NBT) solution (1 part Assay for MIF. The whole-culture supernatants were assayed for magrophage inhibitory factor (MIF) activity by a modification of the method of David et al. (10) . PEC from normal rabbits were induced by mineral oil. The cells were washed in HBSS and suspended to 10% by volume in culture medium. Capillary tubes were filled with the cell suspension and centrifuged. The tubes were cut just below the cell/fluid interface, and the portion containing the cells was placed in Lab-Tek chambers. They were incubated at 37 C for 36 h, and the area of migration was projected and measured by planimetry. The percentage of migration inhibition was estimated by the formula: 100 -([average area of migration with culture supernatant]/[average area of migration without culture supernatant]) x 100. Migration was considered to be inhibited and MIF to be present when the inhibition was more than 20% of the corresponding control culture.
Statistical method. Standard error of the means /\ (X -X)2/n(n -1)] andP values were calculated using the Student t method.
RESULTS
Effect of activated lymphocytes and their supernatants on PEC and PC adherence. More adherent cells were observed when PEC and PC were incubated with activated lymphocytes or their supernatants than control lymphocytes or their supernatants at 24 and 48 h ( Table 1) .
Average numbers of adherent PEC per unit area of chamber slides cultured with activated lymphocytes or their supernatants were twice those of controls (P < 0.009 and P < 0.006, respectively).
These differences were also confirmed by counting the nonadherent cells, which were 99% viable as determined by the exclusion of trypan blue dye and by ingestion of polystyrene latex particles (unpublished observations). Control chambers contained twice the number of non-adherent cells than chambers treated with activated lymphocytes and their supernatants (P < 0.015 andP < 0.009, respectively).
These effects were also observed with PC, but the differences were not as significant. Activated lymphocytes and their supernatants had similar effects on the adherence of PEC and PC.
Morphological alterations of PEC and PC. After incubation with activated lymphocytes or their supernatants, PEC showed remarkable morphological alterations at 24 and 48 h ( Table  1 ). The cells were much larger and contained abundant cytoplasm and irregular membranes. Many phase-dense granules and vacuoles were seen ( Fig. 1 and 2 ). These morphological characteristics were similar to those seen in activated macrophages described by Mackaness (16) and Dannenberg (8) .
The morphological alterations induced by activated lymphocytes and their supernatants were similar. Neither preparation induced VOL. 13, 1976 on August 27, 2017 by guest http://iai.asm.org/ (Fig. 1 and 3 tivity at 24 and 48 h (P < 0.007 and P < 0.016, respectively) ( Fig. 2 and 3 ). Twenty-four-hour incubation with activated lymphocytes showed the greatest effect (Fig. 3) (Fig. 4) . In other words, NBT reduction of PEC was correlated with the spreading of macrophages, regardless of the stimulus that caused this spreading. In PEC, the amount of 8-galactosidase activity was not correlated with the amount of NBT reduction. Effect of incubation time. Activated lymphocytes may release different mediators when their incubation was prolonged. Therefore, the supernatants from 48-h cultures of activated lymphocytes were evaluated. The results, however, were the same as with supernatants from 24-h cultures. MIF was present in the supernatants from 24-and 48-h cultures of activated lymphocytes. Inhibition of migration averaged 40 to 50%. Tenfold-diluted supernatants that had little effect on the morphology of macrophage monolayers did not produce migration inhibition. The control supernatants from normal lymphocytes did not inhibit the migration of macrophages. Activated lymphocytes used immediately after incubation with PHA-P for 
10-
18 h produced effects similar to activated lymphocytes used at 24 h after removal of the PHA-P. DISCUSSION Both activated lymphocytes and their wholeculture supernatants increased the adherence of PEC and PC to glass and caused morphological alterations to a similar degree. However, in PEC and PC showing these alterations, increased f3-galactosidase activity was induced only by activated lymphocytes, and never by their supernatants. Macrophages activated by sensitized lymphocytes (incubated with antigen) are probably more effective in killing bacteria than macrophages activated by some of the lymphokines, in some instances (14, 29, 30) , because the level of 8-galactosidase in macrophages can be used as a measure of the ability of macrophages to destroy the tubercle bacillus, as reported previously (2, 3, 9) .
The whole-culture supernatants obtained from PHA-activated lymphocytes in this experiment contained lymphokines, including MIF A strong possibility is a direct membrane interaction between activated lymphocytes and macrophages. In our experiments, the culture slides were shaken for counting nonadherent cells and were rinsed with saline to remove floating cells before fixation with glutaraldehyde. Therefore, we did not constantly observe the findings of lymphocyte-macrophage interaction. Direct membrane interaction by means of uropods has been demonstrated in several experimental systems using the methods of electron microscopy (15, 27) and time-lapse phase-contrast cinemicrography (24, 25) . This evidence suggests that stimulatory materials of activated lymphocytes may be acquired by macrophages through this mechanism.
The bactericidal activity of neutrophils is known to be closely associated with oxidative process of the cells; i.e., oxygen-dependent antimicrobial systems, in the presence or abscence of myeloperoxidase, play an important role in the destruction of certain microorganisms (13) . On the other hand, macrophages are activated by lymphokines and shown higher consumption of oxygen and hexose monophosphate oxidation in the culture (20, 21) . Therefore, it is of interest to investigate whether the macrophages in this study are activated or not in respect of oxidative metabolism.
NBT tests were performed to observe indirectly the activities of oxidative metabolism in each cell level. About one-third of the morphologically activated PEC that were stimulated by activated lymphocytes or lymphokines were positive for the NBT test, as compared with less than 10% of the nonactivated PEC (Fig. 4) . Little is known about the mechanisms of reduction of NBT in macrophages. In neutrophils, associated with NBT reduction is a general increase in oxidative metabolism, characterized by increases in oxygen consumption (4), hexose monophosphate shunt activity (4, 23) , and production of hydrogen peroxide (5, 23) and the superoxide anion (6, 7).
Whether or not the mechanisms of NBT reduction similar to those found in neutrophils exist in macrophages is not clear. But NBT reduction may reflect the enhanced oxidative metabolism of macrophages, since spreading cells were more positive for the NBT test than rounded or spindle cells. If so, the macrophages activated by lymphokines (or activated lymphocytes) may kill certain bacilli through the process of oxygen-dependent antimicrobial systems. The amount of NBT reduction in activated PEC was weak, though, in contrast with cultured alveolar macrophages or neutrophils (unpublished observations). This phenomenon may be related to the evidence that the macrophages activated by lymphokines exhibit enhanced bacteriostasis (11, 12, 22) . Further work is required to show whether there are differences between the antimicrobial systems in the macrophages that were activated by sensitized lymphocytes and those found in the macrophages activated by lymphokines, because no correlation between the amounts of NBT reduction and /8-galactosidase activity was found in activated macrophages.
